Missouri University of Science and Technology

Scholars' Mine
UMR-MEC Conference on Energy / UMR-DNR Conference on Energy
12 Oct 1978

The Development of Coal-Based Emulsions and their Potential
Impact on the National Economy
Murphy I. Song

Follow this and additional works at: https://scholarsmine.mst.edu/umr-mec
Part of the Energy Policy Commons, Environmental Policy Commons, and the Oil, Gas, and Energy
Commons

Recommended Citation
Song, Murphy I., "The Development of Coal-Based Emulsions and their Potential Impact on the National
Economy" (1978). UMR-MEC Conference on Energy / UMR-DNR Conference on Energy. 441, pp. 703-707.
https://scholarsmine.mst.edu/umr-mec/441

This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been
accepted for inclusion in UMR-MEC Conference on Energy / UMR-DNR Conference on Energy by an authorized
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including
reproduction for redistribution requires the permission of the copyright holder. For more information, please
contact scholarsmine@mst.edu.

THE DEVELOPMENT OF COAL-BASED EMULSIONS AND
THEIR POTENTIAL IMPACT ON THE NATIONAL ECONOMY

Murphy I . Song
University of Louisville
Louisville, Kentucky

Abstract
The proposed national energy policy emphasizes the use of coal replacing oil and
gas. Coal-oil mixture (COM) can be produced using techniques developed in recent
years to replace oil and gas. Large existing utility and industrial boilers could
be converted to b u m COM by retrofitting the boilers. In addition, the COM pro
vides definite financial advantages to the owners of large utility and industrial
boilers. The use of COM impacts on the national economy through new investment
for retrofitting utility and industrial boilers, through reduced importation of
residual oil, and through increased demand for coal.

1.

INTRODUCTION

President Carter's energy plan in Part 2 suggests that
the increased use of coal is in our national interest.
The direct conversion of existing utility and indus
trial boilers to b u m coal instead of oil and gas is
physically infeasible and economically impractical.
However, large utility and industrial boilers can be
converted to b u m emulsified coal-oil mixture by retro
fitting the existing boilers. The emulsification tech
niques are discussed in Part 3 because the cost of e■ulsification has bearing on the cost of retrofitting
and on the economic advantage of COM users. The eco
nomic application of COM to utility and industrial
hollers is presented in Part 4 and the potential eco
nomic impact of COM use on the national economy is
analyzed partially in the final section.
2.

NATIONAL ENERGY PROGRAM

President Carter's National Energy Plan relies heavily
°n the expanded use of coal to fill the growing gap
created by rising energy demand and the relatively
•table or declining production of oil and gas. Mr.
Carter puts forth three major strategies:
(A) reduce
the long-term growth in energy demand, (B) shift large

industries and utilities to burning coal instead of
oil or natural gas, and (C) promote the increased use
of domestic supplies of oil or natural gas by reintro
ducing competitive market pricing for new supplies of
oil and natural gas.(l)
The coal conversion section of the President's energy
plan was approved by the U.S. Senate on July 18, 1978.
Thus, the United States moved one step closer to of
ficially promoting the increased use of coal in the
production of energy.
A recent technical development that emulsifies coal
with oil and water together with the industrial appli
cation of emulsified coal appears to present a partial
solution to our national energy problem.
Coal emulsi
fication is the process of mixing finely ground coal in
suspension with water and fuel oil. The process sta
bilizes the suspension until the coal-water-oil mixture
is used in the form of a liquid. The first use of a
coal-oil mixture (COM) for industrial fuel was made
nearly a century a g o . (2) Today, coal emulsification
studies are being carried out by the Office of Energy
Research and the Department of Energy through contracts

^Congressional Budget Office, U.S. Congress, President Carter's Energy
Proposals: A Perspective. June, 1977, p. 4.
(^Smith, H. R. and H. M. Humsell, Liquid Fuel, U. S. Patent 219, 181
February 24, 1978).
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awarded to private or public firms.(3) Japan and seve
ral other countries are also conducting similar
studies.(4)
3.

COM PREPARATION TECHNIQUES

There are three basic techniques that are used for pre
paring COM fuels. They are: (A) hydro-dynamic, (B)
chemical, and (C) ultrasonic. The first mechanically
stirs the COM to obtain uniformity of the mixture.
The coal-oil mixture retained by this hydro-dynamic
technique is not a permanent mix. It is unstable;
consequently, it is not uniform in burning.
The trend of current research in the United States
appears to favor the use of chemical techniques.^)
For instance, General Motors Corporation and a con
sortium of firms conducted a study of coal-oil mixtures
using chemical additives.(6) Chemical techniqueoriented research is being conducted to develop a coaloil slurry that is relatively stable, homogeneous in
mixture, and uniform in burning. However, the chemical
additives used do not appear to have completely solved
the stabilization requirement. Research efforts are
also being conducted to develop chemical additives
that could cut or lower the emission of NOx and SO* and
other undesirable particulates.
The ultrasonic technique does not use chemical addi
tives to emulsify the coal-oil-water mixture. In work
done with a process patented by Mr. Eric Cottell, the
coal-oil-water mixtures are fed into an ultrasonic
chambe'r in which a tip vibrates at 10,000 or more
cycles per second. The vibration results in cavita
tion, which drives the coal particulates into the water
and the water-coal into the oil. Thus, coal, oil and
water are mixed and stabilized permanently. The ultra
sonic technique of emulsifying coal with oil and water
was developed in a pilot plant by Dee Akers of the Uni
versity of Louisville working with a local private

*

company.

It appears that both the hydro-dynamic and the chemi
cal techniques to emulsify coal are less desirable
than the ultrasonic method for the following reasons:
First, the hydro-dynamic method has not solved the sta
bility and homogeneity problem and, consequently, can
only be applied to existing burning facilities with
expensive alterations; next, the mixture obtained by
chemical techniques is more expensive than the ultra
sonic technique (probably as much as 10 percent or
more per million BTu(^) and finally, the mixture ob
tained by the chemical method, as well as the hydrodynamic method, requires mechanical stirring when the
mixture is kept in storage for a period of time. That
is, the mixture is not permanently stabilized.
The
mixture obtained by the ultrasonic technique is stable
and permanently emulsified. The Cottell ratio by
weight is 50 percent of coal, 30 percent of oil, 20
percent of water for the ultrasonic technique. For
other techniques, nearly 45 percent or more is oil,
50 percent or less is coal, and 5 percent is chemical
additives or water which means that the ultrasonic
method uses less oil.
4.

APPLICATION OF COAL-OIL MIXTURES

The coal conversion part of President Carter's national
energy plan approved by the U.S. Senate, in broad
terms, would bar utilities and big industrial boilers
from using natural gas and oil, thus forcing them to
convert to coal. The idea is to conserve energy re
sources that are in short supply, while relying more
heavily on the nation's nearly limitless coal resources.
Utilities and industrial users of oil and gas also face
an uncertain future with respect to the availability
of these resources. The cost of these fuels may also
rise dramatically. The difficulty is that the direct
conversion of existing oil or gas firing utility and
industrial boilers to coal firing involves large in-

(3)Energy Research and Development Administration, Department of Energy,
Fossil Energy Program Report. ERDA 76-10. Refer to various issues of Fossil
Energy Program Report.
(^Electric Power Development Co., Ltd, Fine COM Research and Development
Program; Outline of Pilot Plant, May, 1978, Tokyo, Japan.
Horace Whaley, "Coal-Oil Mixture Project in Canada", Canadian Combustion
Research Laboratory, Ottawa, Ontario, Canada.
Electric Power Development Co., Ltd., The Outline of COM Research and
Development Activities in Japan. April 30, 1978.
(3)Refer to various papers presented at the First National Symposium
on Coal-Oil Mixture Combustion, May 8-10, 1978.
(6)
Brown, Andrew, Jr., (ed.), "Final Report of the General Motors
Corporation Powdered Coal-Oil Mixture (COM) Program," March, 1975-July, 1977,
Energy Research and Development Administration and Electrical Power Institute,
Department of Energy, August, 1977.
♦Confirmed by various reports and direct observation of the product
and the experiments.
(7) Gilman, H. H., "Coal-Oil Emulsions for Boiler Fuel," EPRI Journal,
April, 1977, pp. 56-60.
------------
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vestments, derating of boilers, restructuring the plan
layouts which necessitate costly plant closings, and,
of course, there are always the intractable environ
mental problems.(8) The use of COM offers an inter
mediate and a near term solution to the conversion of
oil or gas firing utility and industrial boilers.
Several advantages include the lower investment re
quired for retrofitting, a minimum derating of existing
boilers, shorter plant closings, and a minimization of
environmental impacts compared to direct coal burning.
Since COM is a liquid, the existing oil transportation
and distribution network and storage facilities can
be employed for COM products without much alteration.
In summary, the use of COM provides definite financial
advantages.
Eberle and Hickman's study shows that an existing oil
firing facility can save as much as $0.3/MBTU when it
is converted to burning COM product with 50% coal 50% oil by weight. In their study, the cost of fuel
oil was assumed to be $2.00/MBTU, the cost of coal to
be $1.00/MBTU, and the cost of emulsifying coal and
oil at $0.1/MBTU.(9) In another study, Gilman re
ported that the cost of COM at $2.09/MBTU when the COM
was made with No. 6 fuel oil and Kentucky bituminous
coal. Since the price of No. 6 fuel oil was assumed
to be at $2.50/MBTU, and the cost of chemical additives
was $0.22/MBTU, COM provided a savings of $0.3/
MBTU.(10) Although his analysis included the cost of
chemical additives, we can disregard this because the
additive cost can be eliminated completely by the
ultrasonic technique and, even if an additive is used,
cheaper chemicals have been found since the study.
Continuing this reasoning, Gilman's study would show
that COM product provides a savings of roughly $0.4/
MBTU over fuel oil.

(4) Abandonment of the oil-fired plant and the
construction of a new coal-fired plant at a
new site.
(5) Continue the oil-fired boiler accepting the
high fuel cost and potential use tax.
The options 1 and 4 were abandoned since the cost of
taking these options estimated to be prohibitive.
Thus, he selected options 2, 3, and 5 to study the
relative economics for possible coal conversion.
Assuming a 275 MW unit boiler, with a 20 year remain
ing life and a 20% investment tax credit using high
sulfur coal ($1.00/MBTU) and low sulfur oil ($2.20/
MBTU), Muska analyzes the economic comparison of these
options and concludes that for the conversion of the
71,000 MW of oil-fired utility plant capacity to coal:

The existing oil-fired utility boilers in the United
States have the capacity to produce 71,000 MW of electricity. Earlier this year, Allen V. Muska ana
lyzes five optional plans of converting these boilers
to coal. The five principal options are:
(1) Conversion of an oil-designed boiler to coal
firing.
(2) Erection of a new coal-fired adjacent to
the existing oil-fired boiler.

-when using the 100% coal conversion technique
$56.4 billion of new investment is required
nationally, while COM retrofits require only
$41.2 billion, resulting in a $15.2 billion
saving.
-this saving is
centage of COM
ting costs and
existing sites

produced by using a greater per
since the use of COM lowers opera
offers greater adaptability to
and facility.

-the adoption of COM results in an oil import
saving of $15.1 billion at current crude oil
prices.(H)
The coal-oil-water mixtures produced by using an ultra
sonic technique were burned in an industrial furnace
at the Ohio Valley Aluminum Company, Shelbyville,
Kentucky, and in a full-sized boiler at the University
of Louisville, in 1977. This was a historical event
in the sense that, for the first time, permanently
emulsified coal-oil-water mixtures were applied to
industrial and steam use.(12) More recent application
of COM occurred on January 25, 1978, when 2,000 barrel
of COM were burned at Florida Power's Crystal River
Plant generating over 900,000 KWH of electricity for
its customers.(13) Thus, COM has emerged as a po
tential fuel for industrial and utility application
replacing oil and gas. If COM is adopted as a main
fuel, it could exert an impact on regional as well
as the national economy.

(3) Construction of a mixture preparation plant
and delivery of a coal-oil mixture to the
boiler retrofitted for the new fuel.

(®)Berman, P. D . , and others, "Economic Considerations for Industrial
Firing of Coal-Oil Mixtures," First International Symposium on Coal-Oil
Mixture Combustion, St. Petersburg, Florida, May 8-10, 1978, p. 3.
(9)Eberle, J. W. and R. H. Hickman, "The Technical and Economic Feasi
bility of Firing Coal-Oil Mixtures," Foreny Engineering Company, Carrolton,
Texas.
(10) GHman, p. 58.
(11)
Muska, Allen V., "Coal-Oil Mixture Economics and Applicability for
Utility Boiler Coal Conversions," Ebasco Services Incorporated, New York,
May 8-10, 1978. Cited from various sections of study.
(' ^)Sm11h , Harold J., "Technical Report No. 517 for Cottell Liquid
Energy, Inc.," Materials Development, Inc., Prospect, Kentucky.
(33)godrigues, Larry A. and Fred R. Sell, "Coal-011 Composite Fuel Demon
stration Project," Florida Power Corpora11on, May 8-10, 1978.
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5.

POTENTIAL IMPACT ON THE NATIONAL ECONOMY

residual oil import bill may be reduced by as much as
$3.4 billion per year. If the cost of coal is $30.00
per ton, annually about $3.4 billion of coal will be
needed to switch oil or gas-fired boilers to COM.

Because the initial impact of COM product on the econ
omy is through an increase in the use of coal and a
decrease in the use of gas and oil, an estimate of the
potential savings of oil and gas by switching from
these fuels to COM can be calculated. An estimate of
an increased quantity of coal demanded would also have
to be calculated in order to measure the total impact
on the economy.
The works of Freedman and his assoc
iates are cited to satisfy the first q u e s t i o n ^ ^ and
an input-output model is used to estimate the impact
of a change in the use of these fuels on all other in
dustries and sectors of the economy.
An estimate of the potential savings of oil and gas by
switching from these fuels to COM and an estimate of
quantity of coal demanded was made by examining exist
ing oil and gas fired boiler populations in the indus
trial and utility sectors. Table 1 shows the estimates
of utility and industrial boiler capacity including
only industrial boilers greater than 100 x 106 BTU/HR
(10 MW) and utility boilers greater than 500 x 106 BTU/
HR (50 MW) in the population. There are approximately
457 utility boilers burning oil with a total input ca
pacity of 870 x 109 BTU/HR and 1,400 industrial boilers
burning oil with a total input capacity of 600 x 109
BTU/HR and 2,900 industrial gas fired ones with a total
input capacity of 621 x 109 BTU/HR.
Table 2 estimates the amounts of oil or oil equivalent
that could be saved by switching to COM. These esti
mates were made by converting the values of Table 1
into an estimate of fuel consumption and by making
some reasonable engineering assumptions as to how much
oil and gas capacity can be switched to COM. Further,
the analysis is based on the assumption that oilfired boilers can be switched to a COM which is com
posed of 50% coal and 50% oil by weight and that gasfired boilers can be switched to a COM which is com
posed of 30% coal and 70% oil by weight. If 100% of
the combined industrial and utility capacity is
switched from oil to a 50-50 COM, approximately
257 x 106 BBLS/YR of oil can be replaced with
58 x 106 tons of coal per year. On the other hand,
if only 50% of the oil-fired boilers in both the
industrial and utility sectors are switched to COM,
the oil saved is 129 x 10& BBLS/YR. The total im
ported residual oil into the United States is approxi
mately 600 X 106 BBLS/YR. Therefore, the oil that can
be potentially saved by converting the oil-fired
boilers to COM ranges from 22% to 40% of the imported
residual oil.

This increase in the aggregate output of the economy
will result in an increase in employment and in em
ployee compensation. The increase in the total em
ployee compensation was estimated at $1,994 billion.
Nearly all the industries shared in the employee com
pensation. The coal industry had the largest with
$1,525 billion followed by wholesale and retail trade
with $58 million, by business services industry with
$46 million, and by primary iron and steel manufactur
ing industry with $41 million. Assuming no over— time
and average employee compensation to be $25,000 per
year, the total employment increase was estimated at
approximately 80,000. Employment in the coal industry
could be increased by 61,000 people.
The indirect business taxes such as sales taxes, excise
taxes, and the other taxes that firms view as part of
their costs were estimated (for the entire economy at
$183 million). The indirect business taxes paid
differed from industry to industry, but the coal mining
industry would pay the largest: $84 million, followed
by other industries.
The economic impact analysis in this paper is partial
in the sense that it does not include the impact on
the national economy of new investment for retrofitting
utility and industrial boilers, of the reduced im
portation of residual oil, and of the environmental
changes.

If only 50% of the oil or gas-fired boilers in both
the industrial and utility sectors are switched to
COM, the amount of coal required is estimated at
58 x 106 tons per year. On the other hand, if all
the oil or gas-fired boilers are switched to COM,
llO x 106 tons of coal will be needed per year.
Assuming the cost
barrel, the total
from $1.7 to $3.4
all the oil-fired

The increase in the production of coal will affect
the level of output in all related industries in
the economy. The input-output structure of the U.S.
economy was used to assess the direct and indirect
impact of increased coal production due to COM utili
zation on the economy in terms of changes in the
output of related industries, changes in aggregate
output, changes in employment and employee compensa
tion, and changes in indirect business taxes.(l5)
The need to increase the output of the coal mining
industry by $3.4 billion assuming 100% conversion
of all oil-fired boilers is expected to increase the
output of related industries. For example, the output
of primary iron and steel manufacturing would increase
by $139 million, the output of construction, mining
and oil field machinery by $135 million, and the out
put of electric, water and sanitary services by $133
million. The largest impact was estimated on the coal
mining industry itself with an output of $3.9 billion.
The aggregate impact on the economy was estimated at
approximately $6.06 billion in the form of increased
output of all industries combined.

of residual oil at $13.00 per
dollar value of oil saved will range
billion. This implies that, if
boilers are switched to COM, the

Freedman, S. I., C. B, Foster, and E, M, Jamgochian, "Technical Aspect
of Coal-Oil Mixture Combustion," (CONF-780206), U. S. Department of Energy.
February, 1978.
(15^United States, Department of Commerce, Social and Economic Statistics
Administration, Bureau of Economics, "The Input-Output Structure of the U. S.
Economy: 1967," Survey of Current Business. February 1974, pp. 24-37.
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Table 1.

Total Number and Capacity of Industrial and Utility Boilers*

INDUSTRIAL
> 100 x 106 BTU/HR or 10MW

UTILITY
> 500 x 106 BTU/HR or 50 MW

TOTAL

OIL - Total Number of Units
Total Capacity (BTU/HR)

1,402
246,970 x 10b

457
872,420 x 106

1,859
1,119,390 x 106

GAS - Total Number of Units
Total Capacity (BTU/HR)

2,905
620,560 x 10b

287
604,670 x 10b

3,192
1,225,320 x 106

OVERALL - Number of Units
Capacity (BTU/HR)

4,307
867,620 x 106

744
1,477,090 x 10b

*Based on 1975/1976 data.
Source;

Freedman, Foster, and Jamgochian, p. 5.

Table 2. Oil Saved By Switching to Coal^Oil Mixture
Industrial Boilers > 100 x 10& BTU/HR and Utility Boilers > 50 MW

Percent of Capacity Converted

Fuel Switched

Oil Saved
(BBLS/YR)
(BBLS/DY)

Coal Req
(TONS/YR)

Oil Saved
(BBLS/YR)
(BBLS/DY)

(501 x 103)

*As compared to switching to oil.
Source:

229 x ,106
42 x 106

26 x 106
(315 x 103)

58 x 106
(706 x 103)

183 x 106

115 x 106

Freedman, Foster, and Jamgochian, p. 6.
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Coal Req
(TONS/YR)

257 x 106

(564 x 103)

(353 x 103)

Oil Saved
(BBLS/YR)
(BBLS/DY)

46 x 106

29 x 106

G a s -+30/70 COM*

Coal Req
(TONS/YR)

206 x 106

129 x 106
Oil -*-50/50 COM

100%

80%

50%

52 x 106
(627 x ,103)

